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SYNOPSIS 
 
The thesis entitled “Tandem mass spectrometric investigations on 
selenocumulens and non-natural amino acid hybrid peptides: Differentiation 
of isomers of the peptides and some aromatic sulfonic acids” is organized in 4 
chapters.  
Chapter I is subdivided into four parts. Part 1 is about the general introduction of 
neutralization-reionization mass spectrometry (NRMS) and other MS/MS techniques 
like collision induced dissociation (CID), mass-analysed ion kinetic energy 
spectroscopy (MIKES), linked-scan (B/E and B2/E) with special emphasis on NRMS 
and computational methods for the determination of structure and energetics of 
heterocumulens. Part 2 deals with a review of NRMS study of selenocumulens and 
heterocumulenes. Part 3 deals with the generation and characterization of ionic and 
neutral HCCCSe+/o, H2CCSe
+•/o, HCCSe+/o, and HNCSe+•/o by tandem mass 
spectrometry and computational Study. Part 4 deals with the generation and 
characterization of ionic and neutral methylene isothiocyanate (H2C=N=C=S) by 
tandem mass spectrometry and computational study. 
Chapter II is subdivided into two parts. Part 1 deals with the positive and negative 
ion electrospray tandem mass spectrometry of pairs of Boc- α,β-/β,α- and α,γ-/γ,α- 
peptides. Part 2 deals with the differentiation of some diastereomeric and positional 
isomers of Boc-Carbo-β3-dipeptides containing galactose, xylose and mannose sugars 
by electrospray ionization tandem mass spectrometry.  
Chapter III is subdivided into two parts. Part 1 deals with electrospray tandem 
mass spectrometry of alkali-cationized BocN-carbo-α,β- and β,α-peptides: 
differentiation of positional isomers. Part 2 deals with differentiation of two pairs of 
diastereomeric BocN-C-linked-carbo-γ4-amino acids (γ4-Caas) in negative ion 
electrospray tandem mass spectrometry (ESI MS/MS).  
Chapter IV deals with the electrospray ionization tandem mass spectrometric study 
of isomeric substituted aromatic sulfonic acids; differentiation via ortho effects 
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CHAPTER I 
Generation and characterization of ionic and neutral selenocumulenes and 
heterocumulenes in the gas phase by neutralization reionization mass 
spectrometry (NRMS) and computational chemistry 
 
Part 1: Neutralization-reionization mass spectrometry (NRMS) 
Introduction 
  Neutralization–reionization mass spectrometry (NRMS) has proven to be a 
successful and versatile technique for the generation and characterization of several 
elusive molecules in the gas phase. These species include hypervalent radicals, 
zwitter ions, diradicals, distonic ions, ylides and cumulenes and heterocumulenes etc. 
Some of them are believed to be key intermediates in organic reaction mechanisms, 
organometallic chemistry, interstellar space chemistry, atmospheric chemistry, 
flames, explosions, biological systems, photochemical and catalytic reactions. It is 
difficult to generate and investigate these species in condensed phase by 
experimental means because of their high propensity to undergo intermolecular 
reactions, which perhaps lead to isomerization, polymerization and dissociation etc. 
There are mainly two experimental techniques to examine such unusual elusive 
species, matrix isolation and molecular beam spectroscopy. But these methods often 
suffer from interferences from matrix effects. Using the technique of NRMS such 
elusive species can be formed conveniently in the gas phase by neutralizing a beam 
of stable ionic counterparts. Reionization of the neutral after few microseconds tests 
its stability and the resulting neutral products are reionized and mass analysed. 
Instrumentation and method: 
A schematic representation of a neutralization-reionization experiments is 
depicted in Figure 1. Ions of interest are produced in the ion source either by 
electron bombardment of the corresponding neutral species or by ion-molecule 
reactions. A beam of mass and energy selected ions with high translational energy 
(4-8keV) is subjected to two sequential collision events with appropriate target gases 
in collision cells (Cls 2 and Cls 3) along the flight path, essentially near single 
collision conditions. In the first collision (Cls 2), a fraction of the ions is neutralized 
by a single electron transfer from the target gas to the ions in case of positively 
charged ions or from the ions to target gas in case of negatively charged ions, 
producing the corresponding neutrals. All the remaining ions leaving the Cls 2 are 
deflected by applying a high voltage to a deflector electrode, which is located 
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between the two gas cells. Subsequently, the fast moving neutrals are recognized by 
yet another collision in the Cls 3. Finally the reionized particles are analyzed by 
additional sector or can be subjected to further collision experiments. 
  
Figure 1    Block diagram of a VG Autospec-M mass spectrometer used for the 
                 Neutralization – Reionization experiments of mass selected ions  
 
If, in the mass spectrum obtained upon reionization of the neutralized 
species, a signal corresponding to the reionized parent ion (survivor signal) is 
observed, this immediately demonstrates that the neutral species must corresponds 
to a bound state on the time scale of the experiment and thus serve as an indirect 
probe for the existence of the neutral intermediates. Further, to elucidate the 
connectivity of the reionized species, subsequent collisional induced dissociation 
(CID) experiments are performed (NR-CID). If the CID spectrum of the ions 
produced in the source is identical to the NR-CID spectrum this unequivocally 
demonstrates that the neutral species has retained the structure of the precursor 
ion. Various techniques that are used in the gas phase characterization of ions and 
neutrals are briefly discussed in this part.  
Computational Methods for the Determination of Structure and Energies 
The enormous progress of computational chemistry in the last two decades of 
the twentieth century was a crucial factor for the development of many areas of 
chemistry. Many ideas in modern chemistry have been the result of a fruitful 
interplay between experimental techniques and theoretical calculations. As a result, 
nowadays quantum chemistry has become a complementary technique, which can be 
readily used by researchers in many different fields, due to the availability of 
standard programs and very fast computers. In this respect, gas-phase ion 
chemistry represents an almost ideal situation because most of the experimental 
techniques used in this field work under a very low-pressure regime, so the real 
situation within the experimental setup is quite close to the truly isolated system, 
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which is the object of the molecular orbital (MO) or density functional theory (DFT) 
calculations. Quantum chemical calculations have proved particularly useful for 
investigating transient species such as the ions and neutrals, which are commonly 
observed in the gas phase by mass spectrometry. The synergy between theory and 
experiment is apparent in the study of elusive molecules. This part briefly describes 
the different theoretical methods utilized in the NRMS studies reported in the thesis. 
Part 2: Generation and Characterization of some seleno-organic molecules 
and other hetero cumulenes by Neutralization-Reionization Mass 
Spectrometry 
Over the past few years small organo selenium molecules have attracted a 
great deal of attention from both experimentalists and theoreticians due to their 
importance as building blocks in organic synthesis and reactive intermediates in the 
synthesis of selenium containing molecules. Some of these molecules have been 
reported to play an important role as metabolic intermediates of anti-carcinogenic 
activity in biological pathways. The discovery of both gas and dust in the intersterllar 
medium, a number of organic molecules have been identified in dense interstellar 
clouds at different regions. The identification of seleno, cyano, carbonyl, and 
thiocarbonyl containing polycarbon cumulenes and heterocumulenes in the 
interstellar medium has prompted molecular spectroscopists to study their properties 
in the laboratory. Following the report on the detection of selenium element in 
interstellar clouds, it is possible that small seleno-organic molecules might occur in 
the stellar environment. The synthesis and isolation of these molecules in condensed 
phase is very difficult because of their high reactivity and propensity to undergo 
polymerization or dissociation. A brief description of previously reported NRMS 
studies on seleno-organic molecules and some relevant hetero cumulenes is given in 
this part. 
Part 3: Generation and characterization of ionic and neutral HCCCSe+/o, 
H2CCSe
+•/o, HCCSe+/o, and HNCSe+•/o by tandem mass spectrometry and 
computational Study 
Organo-selenium molecules are believed to play an important role in the 
chemistry and biochemistry and have been extensively studied by experiment and 
theory. This has prompted us to undertake the present study on the gas phase 
synthesis and characterization of novel selenocumulenes, HCCCSe, HCCSe, 
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selenoketene (H2CCSe), and isocyanoselenic acid (HNCSe) by the tandem mass 
spectrometric experiments and high-level theoretical calculations. 
Ionic and neutral HCCCSe+/0 and its isomers 
The 70 eV electron ionization of diphenyl diselenide [(C6H5Se)2] generates 
m/z 117 ions of composition [H, C3, 
80Se]+  (Scheme 1). The CID mass spectra of 
these ions are consistent with the selenocumulene connectivity HCCCSe+. 
Neutralization-reionization mass spectra (NRMS) of these structurally characterized 
ions confirmed that the corresponding neutral analogue, hitherto unknown hetero 
cumulene, HCCCSe is stable in the rarefied gas phase. The relative, dissociation, and 
isomerization energies for the ions and neutrals studied at B3LYP/6-31G(d,p) and 
B3LYP/6-311+G(2d,p) levels are used to support and interpret the experimental 
results. 
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Scheme.1 
Ionic and neutral selenoketene (H2C=C=Se)+
•/0 and selenoketyl cumulene              
(HC=C=Se) +/0 and its isomers 
Electron ionization (70eV) of selenophene (C4H4Se) generates m/z 106 ions of 
composition [H2, C2, 
80Se]+. and  m/z 105 ions of [H, C2, 
80Se]+ (Scheme 2). From 
tandem mass spectrometric experiments, DFT and ab initio calculations, it is 
concluded that these ions have the structure of selenoketene H2C=C=Se
+. (1a+•) and 
selenoketyl cumulene HC=C=Se+ (2a+) ions, respectively. The calculations predict 
that selenoketene ion 1a+• is separated by high-energy barriers from its isomers 
selenirene (HCCHSe)+• 1b+•, ethyne selenol (HCCSeH)+• 1c+•, (CCHSeH)+• 1d+• and 
(CCSeH2)
+• 1e+•. The selenoketyl ion 2a+ is separated by high barriers from its 
isomers (CCHSe)+ 2b+, and (CCSeH)+ 2c+. NR mass spectra of these structurally 
characterized ions confirmed that the corresponding neutral analogues, selenoketene 
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H2CCSe 1a
 and selenoketyl radical HCCSe 2a• are stable in the rarefied gas phase. 
The relative dissociation, and isomerization energies for selenoketene and 
selenoketyl ions and neutrals studied at B3LYP/6-31G(d,p) and G2/G2(MP2) levels 
support the experimental results.  
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Scheme 2. 
Ionic and neutral iso cyanoselenic acid (HNCSe+•/0) 
Dissociative ionization of the selenourea conveniently generates beams of pure 
isocyanoselenic acid radical cations (Scheme 3). The HNCSe connectivity is 
established by CID and NRMS. The associative ion-molecule reactions with dimethyl 
sulfide and nitric oxide in a large scale hybrid mass spectrometer, were used to 
characterize the isomers HNCSe/HCNSe  
 
 
 
 
 
Scheme 3. 
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Part 4: Generation and charecterisation of ionic and neutral methylene 
isothiocyanate (H2C=N=C=S) by tandem mass spectrometry and 
computational Study 
The study of sulfur containing small organic molecules is of considerable 
interest because of their importance in chemistry and biology. Some of these species 
are short-lived reactive intermediates and play an important role in many chemical 
reactions as reactive intermediates and interstellar chemistry. This has prompted us 
to undertake the study on the generation and characterization of an hitherto 
unknown methylene isothiocyanate (H2C=N=C=S)
+/0 using a combination of tandem 
mass spectrometric experiments and computational chemistry. 
Ionic and neutral methyleneisothiocyanate CH2=N=C=S
+/0 and its isomers 
Of the several precursors tried, 2-mercapto imidazole was found to be a 
suitable compound for generating methyleneisothiocyanate ions by electron 
ionization (Scheme 4). The calculations at B3LYP/6-311G** and G2/G2(MP2) levels 
predict that CH2NCS
+ (1a+) is separated by high energy barriers from its isomers 
CHNCHS+ (1b+), CHNCSH+ (1d+), CNCHSH+ (1e+) and CHNHCS+ (1f+). The low 
energy metastable ions 1a+ dissociate by loss of HCN via the pathway 1a+ → 1b+ → 
HCS++HCN. Neutralization- reionization experiments confirm the theoretical 
prediction that hitherto unknown hetero cumulene CH2=N=C=S
• is a stable species in 
the rarefied gas phase.   
(1)
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CHAPTER II 
Mass spectral study of Boc-protected non-natural amino acid hybrid 
peptides: Differentiation of positional and diastereomeric peptides by 
tandem mass spectrometry: 
Over the last few years there has been growing interest in oligomers of non-
natural amino acids, which form a variety of secondary structures. The impetus for 
such efforts has invariably been to understand their conformational behavior and 
develop them into biomolecules with novel properties. These non-natural amino acids 
and their derivatives are relevant intermediates for the synthesis of compounds of 
pharmaceutical potential and are important constituents of natural products such as 
alkaloids, peptides and beta-lactam antibiotics. The presence of β- and γ-amino acids 
in place of α-amino acids in the naturally occurring pharmaceutically active peptides, 
known to increase the activity and the stability of the natural peptides. Synthetic 
oligomers of β-amino acids, i.e., β-peptides are amongst the most studied class of 
molecules in foldamer chemistry. Changes in their substitution pattern generate a 
variety of interesting structural features in these molecules, which have thus begun 
to prove immensely useful in bioactive peptide mimicry. The β- and γ-peptides, a 
very important class in the foldamer domine, derived from the β- and γ-amino acids, 
exhibit several novel secondary structures.  
Mass spectral characterization of α-amino acid peptides is well documented in 
the literature and the tandem mass spectrometry of protonated peptides formed 
under electrospray ionization (ESI) and matrix assisted laser desorption ionization 
(MALDI) has been an established method for determining amino acid sequencing and 
differentiation of isomers of peptides. There are very few reports available in the 
literature on the mass spectral study of hybrid peptides derived from non-natural 
amino acids. This has prompted us to undertake the structural characterization, 
differentiation, and sequencing of a series of hybrid peptides and examine the 
possibility of correlating mass spectrometric results with their solution phase-helical 
structures using ESI tandem mass spectrometry. 
Part 1: Positive and negative ion electrospray tandem mass spectrometry of 
pairs of Boc- α,β-/β,α- and α,γ-/γ,α- peptides.  
Positive and negative ion ESI tandem mass spectral study of a new series of 
hybrid peptides, viz., BocN-α,β-peptides, and BocN-β,α-peptides, synthesized from 
C-linked carbo-β3- amino acids [Caa (S)] and L-Ala has been carried out (Scheme 
5). The electrospray ionization (ESI) of methanolic solutions of these peptides yield 
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abundant [M+H]+, [M+Na]+ and [M+H-Boc+H]+ ions. Low abundance yn
+ and bn
+ 
ions are also seen in the ESI mass spectra. The CID of [M+H-Boc+H]+ ions of these 
peptides produce characteristic fragmentation. In the CID spectra of α,β-peptides, 
the bn
+ ions and the resulting yn
+ ions occur at a mass difference of 243 Da and 71 
Da corresponding to the successive losses of Caa and L-Ala. Whereas a mass 
difference of 71 Da and 243 Da is observed for β,α-peptides. The α,β-peptides have 
been differentiated from β,α-peptides by the CID of [M+H]+ and [M-H]− ions in 
positive and negative ion ESIMS, respectively. The fragment ion [M+H-C(CH3)3+H]
+ 
formed from [M+H]+ ions by the loss of 2-methyl-prop-1-ene in α,β-peptides with L-
Ala at the N-terminus, is insignificant or totally absent for β,α-peptides which has the 
Caa (S) at N-terminus. The fragment ion [M-H-C(CH3)3OH-HNCO]
− formed from [M-
H]− of β,α-peptide acids, is totally absent for α,β-peptide acids. This has been 
attributed to the absence of the β-methylene group in α,β-peptides and the 
participation of the β-methylene group in the loss of HNCO in β,α-peptide acids are 
confirmed by the deuteration experiments. In contrast to the CID of protonated 
peptides, the CID of [M-H]− ions of the α,β- and β,α-peptide acids do not give bn- ions 
and show abundant zn
- ions. 
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Scheme 5. 
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Positive and negative ion electrospray ionization (ESI) tandem mass spectral 
study of an another series of hybrid peptides, viz., BocN-α,γ-peptides and BocN-γ,α-
peptides, synthesized from C-linked carbo-γ4- amino acids [Caa (S)] and L-Ala has 
been carried out (Scheme 6). High resolution electrospray ionization (ESI) 
quadrupole time-of-flight and ion trap tandem mass spectrometry has been used for 
structural characterization and to distinguish the positional isomers of N-blocked 
hybrid peptides containing repeats of the amino acids, L-Ala-γ4Caa (l) (α,γ-) / γ4Caa(l)-
L-Ala (γ,α-) [Caa (l) = Carbo (lyxose) amino acid, derived from D-mannose]. Both 
MS/MS and MS3 of protonated isomeric peptides produce characteristic 
fragmentation involving the peptide backbone, Boc- group and the side chain. It is 
interesting to observe that the abundant yn
+ ions are formed when the corresponding 
amide –NH does not participate in the helical structures in solution phase and 
relatively low abundance yn
+ ions resulted when the amide –NH involves in the H-
bonding. Thus, it was possible to identify the amide –NH hydrogens that participate 
in the helical structures through H-bonding in solution phase. Further, negative ion 
ESI MS/MS has also been found to be useful for differentiating these isomeric peptide 
acids. 
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Scheme 6. 
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Part 2: 
Differentiation of some diastereomeric and positional isomers of Boc-Carbo-
β3 dipeptides containing galactose, xylose and mannose sugars by 
electrospray ionization tandem mass spectrometry. 
Chirality plays an essential role in all the fields of chemistry. Many significant 
compounds (amino acids, peptides, carbohydrates, terpenes, alkaloids, 
pharmaceutical compounds….) are optically active and the respective R and S 
enantiomers may have a very different biological activity. Consequently, in order to 
perform the characterization of natural or synthetic products, the analysis of chiral 
compounds gained a great importance and represents a challenge for the chemists. 
Differentiation of stereoisomers by mass spectrometry offers several advantages, 
including speed, sensitivity, and the ability to obtain structural information for 
unknown compounds in complex mixtures. As a result, many research efforts have 
focused on the development of mass spectrometric approaches for the analysis of 
stereo isomers. Among the methods allowing the chiral distinction, mass 
spectrometry experienced a significant development with chemical ionization (CI), 
fast atom bombardment (FAB), electrospray ionization (ESI), and also recently with 
matrix assisted laser desorption ionization (MALDI). Differentiation of isomers using 
mass spectrometry is frequently achieved by CID of their molecular ions or the 
protonated molecules. Applications of mass spectrometry to stereo chemical 
problems is well known and there are number of reports in the literature on the 
differentiation of stereo isomeric peptides by mass spectrometry.  
Electrospray ionization tandem mass spectrometry has been used to 
distinguish the positional and diastereomeric isomers of Boc-C-linked carbo-β3-
dipeptides  (1-42) synthesized from glycine (Gly), β-h-glycine (β-hGly), β-h-alanine 
(β-hAla) and C-linked carbo-β3-aminoacid (Caa) that contain galactose, xylose and 
mannose sugars as side chains with “R” and “S” configurations at the amine center 
(Scheme 7). The major fragmentation of [M+H]+ of the dipeptides yields mainly two 
ions (i) [M+H-C(CH3)3+H]
+ (‘a’) and (ii) [M+H-Boc+H]+ (‘b’) corresponding to losses 
of 2-methyl-prop-1-ene and -Boc moiety from [M+H]+ ions, respectively. The 
diastereomeric dipeptide isomers with Caa- (R) and (S) configurations at the N-
terminus are distinguished by the difference in the abundance of ion ‘a’ and ‘b’. The 
isomeric peptides with Caa (R) at the N-terminus gives prominent [M+H-
C(CH3)3+H]
+ (‘a’) whereas it is insignificant or totally absent for peptides which have 
Caa (S) at the N-terminus. This is presumably due to the different steric crowdings 
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around the Boc-group in the different diastereomers. The positional isomers of 
dipeptides can also be differentiated by the difference in the abundance of ion ‘a’ 
and ‘b’ in the CID of [M+H]+ ions. The CID of  [M+H-Boc+H]+ ions of the isomeric 
peptides also show y1
+ ions at different m/z values. All these results suggest that the 
CID of protonated peptides are highly useful for distinguishing the Boc-NH-Caa-β3-
dipeptide isomers with Caa of “S” configuration from the isomers with Caa of “R” 
configuration and the positional isomers. 
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Scheme 7. 
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CHAPTER III 
Electrospray tandem mass spectrometry of alkali-cationized BocN-carbo-α,β- 
and β,α- peptides: Differentiation of diastereomeric BocN-C-linked-carbo-γ4-
amino acids (γ4-Caas). 
 
Part 1: 
Electrospray tandem mass spectrometry of alkali-cationized BocN-carbo-α,β- 
and β,α- peptides: Differentiation of positional isomers 
Over the years the study of gas phase interactions of alkali metal ions and 
peptides has attracted a great deal of attention because of the importance of metal 
ions in biological systems. The fragmentation of [M+Cat]+ ions is known to reveal the 
metal binding sites and also produce characteristic fragmentation that is different 
from those of protonated peptides. The dissociation of alkali-cationized peptides has 
been reported to involve complexes in which the alkali metal ion is attached to 
oxygen of amide carbonyl, the carboxylate group of the peptide, or at several of 
these sites. The mechanism of dissociation of alkali-cationized peptides has been 
reported to proceed via “charge remote fragmentation”. The characteristic 
fragmentation of [M+Cat]+ ions is the formation of a N-terminal rearrangement ion 
[bn+OH+Cat]
+ as the major product ion, which is absent for [M+H]+ ions. 
Dissociation pathways of a series of alkali cationized hybrid peptides, viz., 
Boc-α,β- and β,α-carbo peptides, synthesized from C-linked carbo-β3- amino acids 
[Caa (S)] and α-alanine (L-Ala), have been investigated by electrospray tandem 
mass spectrometry (Scheme 5). The positional isomers (six pairs) of the cationized 
α,β- and β,α- peptides were differentiated by the CID spectra of their [M+Cat-
Boc+H]+ ions which gave characteristic series of alkali cationized C- (xn
+,yn
+,zn
+) and 
N-terminus (an
+,bn
+,cn
+) ions (Scheme 8). Another noteworthy difference is, 
cationized β,α-peptides eliminate a molecule of ammonia whereas this pathway is 
absent for α,β-peptides. This is useful for identifying the presence of a β-amino acid 
at the N-terminus. The CID spectra of [M+Cat-Boc+H]+ ions of these peptide acids 
show abundant rearrangement  [bn+17+Cat]
+(n=1 to n-1) ions which are diagnostic 
for distinguishing between α- and β- amino acid at the C-terminus. The MSn 
experiments of [bn+Li-H]
+ ions from these hybrid peptides showed the loss of CO 
and 72 u giving rise to [an+Li-H]
+ and cationized nitrile product ions, respectively 
which supports protonated or cationized oxazolinone structures for bn
+ or [bn+Cat-
H]+ ions (Scheme 9). 
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Scheme 8. Nomenclature used for fragment ion studied. 
 
 
 
 
 
 
 
 
 
 
 
Scheme 9. Suggested mechanism for formation of [a3+Li-H]
+ and nitrile product ion 
from [b3+Li-H]
+ of [M+Li-Boc+H]+ ions of Boc-α,β-peptides 
 
Part 2: 
Differentiation of two pairs of diastereomeric BocN-C-linked-carbo-γ4-amino 
acids (γ4-Caas) in negative ion electrospray tandem mass spectrometry (ESI 
MS/MS). 
Negative ion electrospray tandem mass spectrometry has been used to 
distinguish the diastereomeric isomers of BocN-γ4-Caas (carbo = D-xylose and D-
lyxose) with “R” and “S” configurations of the amino acid (Scheme 10). The CID 
mass spectra of [M+H]+ of the diastereomers are similar and do not show any 
difference in the fragment ion abundances. Whereas the CID of [M-H]− and [M-H-
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C(CH3)3OH]
- ions are useful for the differentiation of diastereomeric isomers of BocN-
γ4-Caa (R) with BocN-γ4-Caa (S). The experimental results were supported by 
molecular dynamic (MD) calculations which predict that the [M-H]- of ® isomers (2 
and 4) are found to be more stable than the S- isomers ( 1 and 3)  by 65.6 kJ mol-1 
and 53.1 kJ mol-1 respectively. Whereas the energy difference between the [M+H]+ 
ions of 2 and 1 is 5 kJ mol-1 and 3 and 4, 5.8 kJ mol-1, hence do not show any 
difference in the dissociation behavior. 
HO
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O O
O
HO
NHBoc
O OCH3
O O
O
HO
NHBoc
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NHBoc
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 BocN-C-linked (S)- D-lyxose-γ4-amino acid 
 (3) 
 BocN-C-linked (R)- D-lyxose-γ4-amino acid 
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Scheme 10. 
CHAPTER IV 
Electrospray ionization tandem mass spectrometric study of isomeric 
substituted aromatic sulfonic acids; Differentiation via ortho effects: 
Aromatic sulfonates and their derivatives are widely used in a variety of 
industrial processes. Benzene sulfonates are used as intermediates in the production 
of ion exchange resins, pesticides and as wetting agents. These compounds are 
highly soluble in water and are not easily degradable in environmental biological 
systems. They are highly persistent and accumulate in natural ground and surface 
water, causing environmental problems, which, in turn, call for efficient procedures 
for characterization and determination of a broad range of compounds in aquatic 
environments. Aromatic sulfonic acids are well known surfactants used as solubilizers 
for dyes and emulsifiers for liquid paraffins and fuels. The sulfonic acid derivatives of 
chalcones are used as fungicides. Some of the aromatic sulfonic acids are also used 
as key intermediates in the syntheses of antiviral drugs.  
A mass spectral study of three isomeric substituted aromatic sulfonic acids 
(1-3) has been carried out using electrospray ionization tandem mass spectrometry 
(ESI MS/MS) (Scheme 11). Collision induced dissociation mass spectra of [M+H]+ 
and [2M+H]+ ions of 1-3 are distinctly different from those of others. The [M+H]+ 
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ions of 1 dissociate by loss of a ketene molecule to give the ion at m/z 189 which is 
either insignificant or absent for 2 and 3. In contrast, [M+H]+ ions of 2 and 3 
eliminate H2O, H2SO2 and H2SO3 giving rise to m/z 213, m/z 165 and m/z 149 ions, 
respectively. The proposed characteristic fragmentations of the [M+H]+ ions due to 
“ortho effects” have been supported by the study of their dueterated derivatives. 
Further, the structures of m/z 189 ions from 1 and 2 have been confirmed by 
comparing the CID mass spectra of [M+H]+ ions of reference compounds 4 and 5 
with those of 1 and 2.   
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Scheme 11 
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